Investigations on the mechanism of hyperbaric oxygen (HBO)-induced adaptive protection against oxidative stress.
Hyperbaric oxygen (HBO) treatment of cell cultures is a well suited model for studying genetic and cellular consequences of oxidative stress. We have previously shown that exposure of isolated human lymphocytes to HBO induces DNA damage and leads to the development of an adaptive response which protects lymphocytes from oxidative DNA damage induced by a repeated HBO exposure or by treatment with H(2)O(2). Our earlier studies also provided evidence for a functional involvement of the inducible enzyme heme oxygenase-1 (HO-1) in this adaptive protection. In contrast, V79 Chinese hamster cells did neither show a comparable adaptive protection nor an induction of HO-1 after HBO exposure. We now investigated possible mechanism(s) by which HO-1 contributes to an enhanced resistance of lymphocytes against oxidative stress. HO-1 catalyzes the rate-limiting step in heme degradation to form carbon monoxide (CO), biliverdin and free iron. We can now show that supplementation with exogenous CO does not protect V79 cells from HBO-induced oxidative DNA damage suggesting that increased generation of CO cannot account for the observed adaptive protection. On the other hand, HBO-exposed lymphocytes showed a small but reproducible increase in cellular ferritin levels, which might indicate that the underlying protective mechanism is based on an induction of ferritin, which may act antioxidatively by preventing the generation of the DNA-damaging hydroxyl radical via Fenton reaction. Our results further show that isolated lymphocytes also induce HO-1 and develop an adaptive protection when the first HBO exposure does not induce DNA damage, indicating that DNA damage is not the trigger for the development of the adaptive protection.